4 J 



PATENT SPECIFICA 




t 7 

( n > 1383 637 ^ 



(21) Application No. 34190/73 (22) Filed 18 July 1973 

CO (44) Complete Specification published 12 Feb. 1975 

CO (51) INTCL S G01N 27/58 

CO (52) Index at acceptance 
QQ GIN 204 21X 223 23Y 241 

CO (72) Inventors MICHAEL QUERRY, MAR YVONNE LORMAND 
_j CLAUDE MARTY, HENRI LASSERRE and 

" ANDRE OUENNE 




(54} ELECTROCHEMICAL CELL FOR QUANTITATIVE 

ANALYSIS 



(71) We, SOCIfiTS CENTRALEC, a 
French Body Corporate, of Chemin de Marcy, 
58 800 Corbigny, France, do hereby declare 
the invention, for which we pray that a patent 
5 may be granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by the following state- 
ment: — 

The invention relates to a cell for electro- 

10 chemically checking and measuring the ion 
concentration of a solution, independently of 
the nature of the solvent, and is of use more 
particularly for checking the concentration 
of pickling or scouring or electrodeposition 

15 baths. The invention is also of use in all 
cases where the changes in a given solution 
have to be measured continuously or inter- 
mittently or where the uniformity of its con- 
centration has to be checked without manipu- 

20 lating the solution itself, more particularly 
without taking and destroying samples. 

It is known, for example, that the high 
concentration of pickling or electrodeposi- 
tion baths and the temperature at which they 

25 are used, makes it extremely difficult to 
operate them with sufficient accuracy on an 
industrial scale, since conventional methods 
of checking are usually based on measure- 
ments of pH or electric conductivity. 

30 The object of the invention is to obviate the 
disadvantages of the conventional methods. A 
non-limitative embodiment will be described in 
detail hereinafter, with reference to its appli- 
cation to checking and measuring iron ions 

35 in a FeCl 3 -based aqueous solution for 
chemical machining. It is known that, in the 
case of iron, the chemical machining of com- 
ponents, i.e. the removal of metal, theoretic- 
ally corresponds to the following redox reac- 

40 tion : 



2Fe +M "+Fe->3Fe + 



(1) 



If the machining solution or bath comprises 
a solution of ferric chloride (FeCl 3 ), the 
complete reaction is as follows: 



2FeCl 3 + Fe-»3FeCl a (2) 45 

During machining, therefore, the bath 
becomes enriched in ferrous chloride, accom- 
panied by a reduction in its oxidizing power. 
Curves I and II, which are illustrated in the 
accompanying Figure 1 and wherein the 50 
abscissae show the inter-electrode potential 
of a pair of electrodes in the bath and the 
ordinates show the current flowing between 
the electrodes, are characteristic of the redox 
reactions of the Fe^/Fe*** systems in the 55 
presence of chloride, or, more precisely, the 
kinetics of these reactions, since the current 
is proportional to the exchange rate of the 
electrons at the electrode-solution interfaces. 
If certain precautions are taken, curves (I) 60 
and (II) show plateaux where the current is 
proportional to the ion concentration, the mass 
transfer occurring by a diffusion process. 

In Figure 1, therefore, curve (I) corres- 
ponds to the reduction of Fe*** ions and curve 65 
(II) corresponds to the oxidation of Fe+* 
ions. Curve (III), which shows the sum of 
curves (I) and (II), has been drawn for a 
mixture of equal volumes of the two species 
of ions. The range of potential which may be 70 
used is limited at about —1.5V by the reduc- 
tion of the protons of the solution and towards 
4- 1.4V by the oxidation of the chloride. As 
the drawing shows, the current is substantially 
proportional to the concentration of Fe ++ for 75 
a potential difference of about 0.8V between 
the electrodes. 

Accordingly, the invention relates to a cell 
for checking ionic solutions in order con- 
tinuously to measure the kinetics of the redox 80 
reaction occurring at the surface of two indi- 
cating electrodes operating at a constant volt- 
age, the value of which depends on the nature 
of the ions to be checked. 

To this end, the cell is characterised in 85 
that it comprises two identical electrodes 
immersed in the solution, means for main 
taining a constant voltage between the elec- 
trodes within a range where the current estab- 
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hshed between the electrodes is substantially 
constant at constant concentration of an ion 
species in the solution, means for agitating the 
solution to provide a constant flow rate 
5 between the electrodes and means for measur- 
ing the current established between the elec- 
trodes. 

Other features and advantages of the 
measuring cell according to the invention will 
10 be clear from the following description, which 
refers to the accompanying drawings of a 
number of exemplary non-limitative embodi- 
ments of the cell. In the drawings; 

Figure 2 shows an analytical cell according 
13 to the invention, in axial longitudinal section; 

Mgure 3 shows an alternative embodiment 
of one of the cell electrodes; 

Figures 4a, 4b and 4c show families of 
curves which can be read off to show the 
M concentration of the solution based on the 
values of the currents supplied by the cell- 
and 5 

Figure 5 shows another alternative embodi- 

9 c me £* of the cel1 of *e invention. 

^ r . The cell, as diagrammatically shown in 
figure 2, essentially comprises a sealing- 
tight chamber 1 surrounding an asynchronous 
electric motor 2, a measuring compartment 3 
adapted to be immersed in the ionic solution 

™ in question and containing a turbine wheel 
4 at its bottom, two identical indicating 
electrodes 5 and 6, and an intermediate part 
7 through which a titanium shaft S extends 

35 Sfi 18 g i! lde< ? fa rotation bv Polytetrafluoro- 
ethylene bearings 9 and 10, the shaft 8 enabl- 
ing the turbine wheel 4 to be driven bv 
motor 2 and being connected thereto by a 
flexible coupling 1L The turbine wheel 4 

40 !f w C - ° f 5 P J ? stics material, for example 

« perchlonnated polyvinylchloride. - 

In a simplified embodiment, electrodes S 
and 6, the bottom ends of which are situated 
in the same plane, are formed by inserting a 
vitreous carbon cylindrical rod 12 into an 

« insulating tubular holder 12a. The electrodes 
are subjected to a constant voltage, e.g. of 
about 0.8V. In each electrode, rod 12 is con- 
nected to an electric wire 13 bv a drop of 
mercury 14, the assembly being sealed. Advan- 

™> tageously electric wire 13 is made of molyb- 
denum, which does not form an amalgam with 
mercury. The two electrodes are disposed 
at equal distances from the longitudinal axis 
of the apparatus. The fact that the cyiin- 

^ dncal rod 12 is made of vitreous carbon 
ensures that the electrochemical reactions arc 
stable, so that the results are reproducible 
Alternatively, as shown on a larger scale 
in Figure 3, the vitreous carbon rod 12 of 
the electrode shown is an electrical contact 
via a mercury drop with a metal intermediate 
rod 13a made of tungsten and which is con- 
nected to the end of rod 13 by a weld 13b, 
for example a silver weld. The rods 13 and 
13a are held along the axis of holder 12a and 



the device is sealed from the exterior by two 
seals 21 and 22, seal 21 being a short dis- 
tance above the mercury drop 14 and seal 
22 being at that end of the holder remote 
from rod 12, the seals being made of suit- 70 
able synthetic resins. 

Two coaxial tubes 15, 16 secured to a base 
18 together bound an annular duct 17 com- 
municating with the outside of the measuring 
compartment 3 via an orifice 19, whereas 75 
a duct 20 connects the interior of tube 15 
to cutside compartment 3. The materials 
used for the various components of the cell 
preferably include titanium, polytetrafluoro- 
cthylene, or polyvinyl chloride where suit- 80 
able, since these materials are inert to most 
chemical substances and the maximum operat- 
ing temperature of the cell can be relatively 
high, at least about 105 ^C. 

Accordingly, the cell according to the in- 85 
vention operates as follows. The measuring 
compartment 3 is immersed in the bath or 
solution to be studied, after which electric 
motor 2 is started to drive turbine wheel 4 
via shaft 8. The wheel drives a turbulent 90 
flow of solution, so that the bath to be 
analyzed flows through orifice 19 into annular 
duct 17 (arrow Fl), then through a duct 21 
supplying the turbine wheel 4 and into that 
wheel (arrow F2), then from wheel 4 into 95 
compartment 3 (arrow F3) and finally out of 
compartment 3 via duct 20 (arrow F4) 

The inlet orifice 19 and the discharge duct 
? 0 a . re ' n * sm § le P Iane perpendicular to the 
longitudinal axis of the apparatus and tur- 100 

nf^J^ 4 e £ sures ./ fowed. regular flow 
of the bath so that said flow is irrespective of 
the level at which the cell is immersed in the 
bath. 

In order, therefore, to know the concen- 105 
tration of the baths in which the measuring 
compartment 3 is immersed, it is merely neces- 
sary, according to the features explained here- 
inbefore, to read off the current flowing 
between electrodes 5 and 6, and knowing the 110 
temperature of the bath under study, to read 
tfte concentration corresponding to the read- 
off current on the curve in Figure 4c corres- 
ponding to the bath temperature. 

Figures 4a and 4b show a family of curves, 115 
for each species of ion in solution and for 
a given bath temperature, each curve corres- 
ponding to a known given concentration, the 
curves indicating the variations in the cur- 
rent measured between the electrodes in 120 
dependence on the voltage between the elec- 
trodes. As can be seen, each of the aforemen- 
tioned curves has a relatively long plateau. 
In Fisure 4a, the example, curves I, II, III 
and IV correspond to current values read off 125 
in dependence on the voltage for Fe ions at 
concentrations of 0 g/I, 1 g/i, 2 g/1 an d 4 
5/1 1 Respectively, the bath temperature being 

Similarly, in Figure 4b, curves I', II', III', 130 
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IV' give the value of the current In depen- 
dence on the voltage for Fe ions at concentra- 
tions respectively of 0 g/1, 1 g/1, 2 g/1 and 
3 g/1, the bath temperature being 60° C. 

5 In practice, the number of curves drawn may 
be much greater than four. 

If, under the aforementioned conditions, a 
line is drawn in Figure 4a parallel to the 
ordinate axis and intersecting the plateaux of 

10 the different curves and the ordinates of the 
points of intersection read off, the values read 
off can be used to draw curve A on Figure 4c, 
representing variations in current in depend- 
ence on the concentration for a given voltage. 

15 It is found by experience that curve A is 
substantially a straight line, except near the 
origin. The curve corresponds to a bath at 
a temperature of 20 °C. 

Using Figure 4b, the same method yields a 

20 curve B on Figure 4c corresponding to a 
bath at a temperature of 60° C. 

The cell according to the invention is used 
as follows, in accordance with the family 
of curves drawn in Figure 4c. The solution 

25 is immersed in a FeCl 3 -based chemical 
machining bath at a temperature of e.g. 20°C, 
and a current of N milliamps is read off. It 
is then merely necessary to draw a line on 
Figure 4c parallel to the abscissa axis through 

30 ordinate N, the parallel line intersecting curve 
A, corresponding to a temperature of 20 °Q 
at a point Q whose abscissa OP measures the 
desired concentration of Fe-"* ions in the 
machining bath. 

35 The cell according to the invention can be 
used for electrochemical testing free from the 
difficulties occurring in the prior art, more 
particularly by avoiding any taking or des- 
truction of samples. Owing to its construc- 

40 tion and its small volume, the cell can be 
used under a variety of conditions. More 
particularly, it is found that it supplies the 
same readings in a 500 cm 3 beaker as in a 
300-litre bath, independently of the degree 

45 of immersion and with short response times, 
and the results being independent of the 
hydrodynamic conditions outside the cell. 
Furthermore, owing to the regularly-main- 
tained motion of the liquid between the elec- 

50 trades, the measurements are stable and essen- 
tially reproducible. 

Finally, if a number of cells according to 
the invention are used, the cells provide sig- 
nals differing only by a proportionality factor 

55 K. They can then be calibrated, in a standard 
solution, using a simple potentiometer, and 
the constant K can be defined. By means of 
a voltage switching device, e.g. a rotary 
manual switch, the same cell can be used to 

60 check different species of ions in a single 
bath, provided an inter-electrode voltage for 
each species is applied, corresponding to the 
redox reaction of the species in question. In 
all cases, of course, the voltage should be 

65 compatible with the stability of the solvent. 



Of course, the invention is in no way 
limited to the embodiment described in 
detail and shown hereinbefore, but includes 
all variants within the scope of the Claims. 
More particularly, the flow of the bath into 70 
the measuring compartment of the cell can be 
ensured by any suitable means equivalent to 
the aforementioned centrifugal turbine. 

For example, in the case where measure- 
ments are to be made, not by immersing the 75 
cell in a bath, but by immersing it in a flow 
of the solution under test, the cell may be 
mounted as shown by the view in section in 
Figure 5, on a duct element 30 provided with 
two end flanges 31, 32 for securing it to pip- 80 
ing containing the flow. The cell chamber 33 
extends through duct 30 so that electrodes 5, 
6 are disposed substantially at the centre of 
the flow of solution travelling through the 
duct in the direction shown by the arrows, 85 
the electrodes being connected by connecting 
wires 5a 3 6a to an external measuring device 
(not shown). In the last-mentioned embodi- 
ment, the solution is agitated in the neigh- 
bourhood of the electrodes not by a turbine 90 
wheel but by a static device such as a con- 
vergent-divergent venturi tube, which can 
speed up the flow and ensure a constant flow 
rate at the neck 35 of the pipe where the elec- 
trodes are situated, thus providing the neces- 95 
sary conditions of stability and reproducibility 
of measurements. The device can be supple- 
mented, if required, by an inspection stopper 
36 and a thermometer 37 for measuring the 
temperature of the solution. X00 



WHAT WE CLAIM IS: — 

1. A cell for electrochemically checking or 
measuring the concentration in ions of a 
solution, characterised in that it comprises two 
identical electrodes immersed in the solution, 105 
means for maintaining a constant voltage 
between the electrodes within a range where 

the current established between the electrodes 
is substantially constant at constant concentra- 
tion of an ion species in the solution, means HO 
for agitating the solution to provide a con- 
stant flow rate between the electrodes and 
.means for measuring the current established 
between the electrodes. 

2. A cell according to Claim 1, charac- 115 
terised in that it comprises a voltage switch- 
ing device to change the voltage maintained 
between the electrodes for checking or measur- 
ing the concentration of two or more ion 
species in a single bath. 120 

3. A cell according to Claim 1, wherein 
the solution is a FeCl 3 -based aqueous solu- 
tion for electrochemical machining and 
characterised in that the active part of the 
electrode is made of vitreous carbon, the volt- 125 
age applied between the electrodes being of 
about 0.8V. 

4. A cell according to Claim 1, charac- 
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terised in that the means for agitating the 
solution comprise a centrifugal turbine. 

5. A cell according to Claim 1, charac- 
terised in that it is made of chemically inert 
substances adapted to withstand a temperature 
of about 105 'C at least. 

6. A cell according to Claim 1, charac- 
terised in that each electrode comprises a 
vitreous carbon rod mounted in a tubular 
holder and connected by a drop of mercury 
to a molybdenum wire providing an electric 
connection. 

7. A cell according to Claim 6, charac- 
terised in that the connection between the 
connecting wire and the mercury drop is 
provided by a tungsten rod which is immersed 
in the drop and which is connected to the wire 
by a silver weld. 

S. A cell according to Claim 1 charac- 
terised in that the means for agitating the 
solution comprise a convergent-divergent tube, 
the measuring electrodes "being disposed in 
the neighbourhood of the neck of the tube. 

9. A cell for electrochemically checking 
and measuring the concentration in ions of a 
solution substantially as hereinbefore des- 
cribed and as tbown in the accompanying 
drawings. 

10. A method of electrochemically check- 
Printed for ffer ^raV^tvV >tp t fi«.i»^rv ' »lfi~ 
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ing or measuring the concentration in ions 30 
of a solution which method comprises immers- 
ing two identical electrodes in the solution, 
maintaining a constant voltage between the 
electrodes within a range where the current 
established between the electrodes is substan- 35 
tially constant at constant concentration of 
an ion species in solution, agitating the solu- 
tion so that at least a portion thereof passes 
between the electrodes at a constant flow rate 
and measuring the current established between 40 
the electrodes. 

11. A method as claimed in Claim 10 
wherein the progress of a redox reaction is 
checked. 

12. A method as claimed in Claim 11 45 
wherein the redox reaction is electrochemical 
machining using a FeCl :: -based aqueous solu- 
tion and the voltage applied between the elec- 
trodes is about O.SV. 

13. A method as claimed in Claim 10 50 
substantially as hereinbefore described. 

For the Applicants: 
F. J. CLEVELAND & COMPANY 
Chartered Patent Agents a 
Lincoln's Inn Chambers, 
40 — 43, Chancery Lane, 
London, W.C.2. 
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